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1. 553K : P EE I LDKFEDFEILDOHIF

le height: 1
KFE (H) REDIE R EKREFE GEHR) 5 Sa?ps%ﬁjraeigd R. 'I?nziose rate 25 kGylh (Co-60)

— g seawater I
*BAKOEKF R TSRS - RAE %’ 4 0.5M NaCl+1mM KBr]}
IRE G(H,)[FHKIYELKREL KDHPREE ¢ |m1mMKBr I
BOTFATVINE g(H)EMFTHOf. ¢ 40% gfr"é'v':gti'r e
=>KPDKEEIESTHIL (OH) IZLDBH,EEE = | H S ]
MAOS ALY (X-: Cl, Br) THE. °:~_ 30 ik )\
Hz + *OH—+H + H,0 -% i 3
& X (halide ion) g 20} aln :‘%
OH~ + sX---->XO3" ;a. : . e
), |
1 - )
ANESFEQRIE~DEE BEERO T | . I ]
ks RER EER) < P [mol/g] = G [mol/J] X D [J/g] |
BERRE | SUHLBRICEIRGHEE O 2 a6 o0 2 4 6 s
BT | SREFRMEEFRELOREARR SHORIEE Absorbed dose, D [kGy]
R ST (M) (=B 4 2 SR - BREE (= (a) H2 generation (?21 H20:2 formaft:\cj)g i
sy by | EELIZKRTOREG In the presence of NUs
= e . : Hzﬁi(a)&UHzOziﬁJZ(b)O)Wﬂlﬁiﬁk?ﬂi
RER | RESIIA - OERNMO RIS (K, BAEBCSEEDKER) |

*1 “Consideration of radiolytic behavior in diluted & concentrated systems of seawater”, NPC 2014, #10242, Hokkaido, 29 October 20141,
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1-2. BIREIENTODKRFELEL] 7K|ﬁ|'§a)|3§1‘??“

Cs ﬂ&%ﬂ*lﬁl D EEF@ ﬁ: (H25$ﬁﬂ=*1) '® seawater, total

La pure water, total
- FRIEEA:504 W (B EH). | M pure water, subme-/rg%/
« CsiZTBMRK :2011-9-27 M DA E R E.

2
4 %S
(F4THELLA(Cs-134)/A(Cs-137) = 0.80) {/

-_—
[

X

s CslkED M EAMRIC—FEICREFRTE. 0.8 \A\ decrease by washing
seawater with pure water -
—_ (liquid depth effect)
P,=%p x G XD, N
[mol/L] [kg/L] [mol/J] [J/kg] ikt
430 —————7————————— ;1.6 0.4 produced from \
damp zeolites \

N
S
N
H, production rate [L@STP/h]

e

total
4107 11.2 O P el Y M M|

i 0 25 50 75 100
400¢ submerged—— |10 Submerged zeolite bed [%)]

IKBRFEERDZKEIKEFNE
; « TRILE—IRIRE 2K E DAL, 1B
80525 B0 75 000 | ORILE(76-85%) HUEAIL, MEEAHD.
Submerged zeolite bed [%] 2 KRR RKEORINT, WK TS
TR R Ok B Al | DUEIT B, A CIEERIRIEY D

I H2MEEE L O: 1L Yamagishi et al., “Characterization and storage of radioactive zeolite waste”, J. Nucl. Sci. Technol., 51, 1044 (2014).

o
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390F

Absorbed energy rate [W]
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O
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1-3. TFEH EREFOEERLBRERDEL
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- NERRIR: TR (T8 Bllhy) O A%
NN\ BET— LD &SI, BEEME KT D

BEQBHISHREINTND.
aVAYAVAVAns v

A%
AN
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Y —HES MEHEPZ DI RIILE—1Y,
WatEYEREN T —IZ5 2515,

o RIKREN: KB DEREZEIC ﬁ=5ﬂmﬁ°}%ﬂ’§
(RO TEIZKBRERBHEIRRESD).

SNERERIRZ AL SRR 2 OE AR

EimtEE, AMFFE H-REOXGT
TITHOERBROFBEREDENEIHEMN?

CBRARBOEE SHEFELIS
BEEHL-GEDKEREDRIE.

2. R —BEDOEE saTHMD—
B E EBOIIGEDKRFELEDAIE.

. = *1 KA, BE—E I — @APIREL Bk AIL2E, #iEE)) .
K IRSHENE (REBRIR) K PIRBLIEE » 4 st B, EF 122 2014 HEDES GI8 (;)14) .

“Experimental Studies on Effects of Liquid Flow & Inhomogeneous Irradiation on Hydrogen Generation”, ICONE23, 1348 (2015). 6/ 15

1-4. 7K$%$0)I&%’9J%H%#P (ﬂ‘Eﬂ%ll i‘lb’h‘.) D

—————— ——T —zhr
H#EE 1-8 cm, ZEX LA, Eum ﬁg$3 5kGy/h 0.8 l
CNET *SEHOHR 7 . 5t|rr|ng #5 ‘ r .
16 & stirring #3 0.6 o /9

Lm stirring #2
L& stirring #1

0.4

| @ static conditio

)

T e m sample height: 3 cm

0.2 - A sample height: 5 cm |
. i sample helght 8 cm
0 100 200 300 400 500

5%&%%551 Relative stirring speed of sample

KEHRLENZEDEHREKFHE
g(H,)=4.7 x 1078 mol/J ELET/RSHREDISE)

HE Absorbed dose, D [kGy] |. jgi5sE: 7 )L A1) FNCH— LI BT SRR

-
N

Relative yield to primary g(H,)

Hydrogen generation, P [1 08 mol/g
oo

(b) S0 P=GxD ERELT, HBLEROBE LR MIZILE.
R [molig] [mollJ] [V/g] . 153 ORLAB: it DIgMEL Bl IR
Bt ORBERAHBE]L EAENL, 751 TUINESESC ZOEM

KERESORIG S KM (8cm) [F] LOEEFHANOSEIAENME #E




“Irradiation Experiments of Simulated Wastes of Carbonate Slurry”, EFCOG Nuclear and Facility Safety Workshop, ANL (2016).

2. HICRS!)—: B ERIKICLBKEFEHRADFR

7115

=

High Integrity Container: S HEA 2§
Multi-nuclide removal equipment [= Il
(Advanced Liquid Processing System) e

supernatant water

* 62 nuclides excluding Cs and tritium are
removed by using co-precipitation and
adsorption treatments.

LT IS ,‘ normal

rad‘:v%at::we : co-precipitation adsorption |: [/
. : treatment treatment |:

without Cs .

radioactive waste treated water

(carbonate slurry) w/o nuclides
in High Integrity Container

N
Overflow discovered in April 2015

Yoverflow

i | ’uppefdld.
* It occurred 150 days after the storage. p \o ¥ A v

= accumulated dose close to 150 kGy

* Waste volume increase in HIC became ") s s
larger than that of head space. '

= >6 % increase from the original vol.

box culvert (concrete)

*1 TEPCO, a press handout on HIC as one of Fukushima Daiichi NPS prompt reports (in Japanese), 6 April 2015.

Box culvert (AJ5) just after overflow ~

emission from vent hole

“Irradiation Experiments of Simulated Wastes of Carbonate Slurry”, EFCOG Nuclear and Facility Safety Workshop, ANL (2016).
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2-2. REGHR 9 fEZ 1T TR TELULZ B BEE

(gme . PHENOMENA FACTORS EVENTS
ose)
. [+ radioactive nuclides GAS
water . .
. . »- -d Ived -—»
radiolysis ssolved specles GENERATION
B |+ coexisting solids
"« viscosity h
high-dose ## VOLUME
irradiation effects| |™ 7 * dose &doserate - o\ oF
|+ bubble size/position |
[+ height or gravity |
long-term o COMPONENT
settling effects |=» ] * 9as-fiauid interface -mp“cp b ENT
“still/static standing” |_* inhomogeneity
\ 4

RIGARZ~ D B FERYSIRAR - 1R

1. Measurement of gas products by water radiolysis in slurry.

A series of experiments in order of chemical evolution to the overflow

2. Observation of volume change of slurry after high-dose irradiation.
3. Component and property analysis of slurry after long-term settling.
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2-3. BWEDWRERT)—DKFEH AR

5

Ao —dh &R0 EHRE ﬁ1 0.5 1-15 om, ZESUBR), R, REE 5 KCyh
r)

deeper: Ha(aq)—Ha2(g, smal)—Ha(g, large |95 g/L (157 mPa-s, 1.06 g/mL) |

2 H - (@)
L _Dfe-mg B T@%@%- i
s 187 ] © . m < | &
A :
Sl Re =2 S o | = 8 S ok <
= ISP 7 i E [ RSY— \\ 8 ‘_D.
KBADHBE : pp<pr— vs<0 | o [ 101
. ; > | kink 91.8% A y
SADEMWB:R—H20R) T i m A o)
T Btk 82% “ o
. 10%F /-"‘f 50-1 B N e
»  qoF - brd (BFHF Sy, fs)  E® ® 19
E 1L ] 2 R o
10" (2Dya/t) at 0.1 s ] o ; o S
—_ 10'3— | N r @ Gtotal ; % @ R )Hﬁ' -
w00 1 T - G o
310-5_ / i r A Gstat R () ()
5 g7 OIS | 001 "Gl | ammamsES |0 of
& 109l ] 1 10 100

Sample height of slurry [cm]

Re > 2-

{5 <} i ararwvrem U990 B rarorvron musrrard PP ERPRP YN P mrar 117 BT = S ] —=— *q
19907 10® 10° 10 103 102 107 1 10 KEREBOHBSSKREN [ L]&
Diameter, D, [cm] AN LRREDRMBRKFEIE]
NINEDHEAFIZEEL: 1 pmol/J = 9.649 £>F/100eV 2 KA, H kD, FBFHFEE 201545 DKR2 HO1 (2015) il

“Irradiation Experiments of Simulated Wastes of Carbonate Slurry”, EFCOG Nuclear and Facility Safety Workshop, ANL (2016).10/15

2-4. KEHARBEEEKIZH#ESIRT)—DOBFEEX

(c) 22-hour (d) 44-hour
irradiation irradiation

(a) before

(b) 6-hour
irradiation

irradiation

High-dose irradiation effects

* Increase of the volume with increasing
the retention amount of bubbles.

= decrease of apparent density

ZO=
EL\ 3
* Irreversible formation of supernatant S E
water by the irradiation. ¥ =
= increase of density without bubbles a, Oh b, 6h c, 22h d, 44h
top 10.00 10.50 10.80 10.90
15 PR S O I B water ~0 ~0 0.60 1.00
I independent samp'es cm | (water) 9.65 9.65 9.05 8.65
E [ @8> kGyh(open) <lur (H2) 000 | 050 0.80 0.90
§10 O ry (sS) 0.35 — — —
o S W T Q- gml  1.06 1.01" 0.98 "1 0.97 1
8 L L .. o *1 apparent density with H, bubbles
S | % o Volume and composition changes
=5 « [ ] o .
o O ® « Initial increase: bubble retention
> _
j' no observation 1 | * Maximum decrease: bubble emission and
S0 gt night ' supernatant water formation
= 100 200 300 400 500 o . o
= Accumulated dose (kGy) « Difficulty in data reproducibility

Level increase as a function of dose = inhomogeneous bubble formation
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3. BR¥T I B HS ﬁ(a By = 67K0)ﬁ‘ﬁ¢
(BRED TIUERYESRIEE L ?

amine | [wEES| ] RPVE | [RB%
|(U+TRU+FP | zircaloy CS, SUS%| |concrete

> TIVIZEFENDIRDSHERM(FP) hiodD
BIROVIR, 7OF /AL D afghEEHZE
EEMICESLT, ME-{tFRIGHHELT.

w | EREE-BFEZL AR FHRE

R
eoclB| WL B ..., Tk
2 BARGHRI ESHRE RO | .

-

<——i—ﬁ {

/

o
z

o . " e

]
»

’ i
TOSHIBA BEEN LT 076 TOSIBA PITCH 005 TILT -053

wy ¥ ¥ ! GCRDI\IS T | | @NXFASIERIR
SO s rer Foump wircsz fRD-PCVOIKEEHEE I ENERIE 2O Y M A

*1 TEPCO: EEE—IRTHIREI~3 BHEOFL - BB OREBOHE & RAEAMBICE T 25T 552 EEEHRE] (2014)ft.
*2 TEPCO, IRID (BE{F « 5RwkxRF—L5) : 3B PCV (KWIARS) WEREERY ~21 BRERS~] , 201747 H27H(2017).
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3-2. FRIERE T TRIILF—DEREIL (o.B,y)

—_ Time after accident (years)
ﬁ*ﬁﬁd)&ET—@d)&Ui«’:&) So(l;;r)ce 0 1 5 10 | 20 | 50 | 100

°ﬁ'fifﬁ(*ﬁ@)*yﬂl:$3ﬂﬂ#0)2,62775§ﬁfaﬁ&&% total | 2627 | 635 | 560 | 547 | 491 | 419 | 396

2 LT, 1008422 1X40058 (&S B, | @ |100(7)] 86(1) | 84(1) | 80(1) | 76(1) | 75(1) | 74(1)
T . . B |1276] 286 | 249 | 244 | 217 | 181 | 170
« FRIREN: BB 10F(IBHROVIRA X ECHY 251|263 | 227 | 223 | 198 | 163 | 152

ThHY, ThUBFaEEERTEHES.
H;(t)= X E;A; (1) W]

H(t)= S H,(1)

+1 ginitially Cm-242 (6.21 MeV, 163d) =

A ‘

= [(b) average energy, Eav ]
> OF (a-ray from Pu-241 (0.0025 %) excluded) 4

T ]

o

o

-

L M| L M| L Lol
_'-__ B B e N T T T T T T T Tt

BEBOFEHIRILT—DHTE —zlp;ha
— beta
o BEREVERIF0.2~0.3 MeVIEEITELELN, —gamma |

0fF (Pu-241Z5 5 DA FB) [T B D
6.1 MeVA oA L5.5 MeVIEEIZZELEL<.

>KFBHADTVF /(K (4~6 MeV)

Log H (Wicore)

7K E
9 R 7L ]
(~190%) _ Am-241—>Am-242—>Cm-242 e n
B / “~.(n,y) (640b) P (16.0n) . (a) decay heat, H \:[
Pu-241 (13.2y) T 0 TR
B (6.75d) Time course, Log £ (y)

00259 “U-237—>Np-237 12O BEERR VTS TR LE—DBEE(L
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3-4. HREH (LET) W8 : 9 FE R O HIF]. R

Radiation Primary yield, g (molecules/100eV)
. LET (eViom) | -H,0 | e,,~ *H  *OH | H, Hy,0,: *HO,
§2| yrays1/023] 415 | 270 0.60  2.72 | 0.45  0.70 | 0.008€<periments
RS 3H B-rays™/
'éltl s 397 | - 291 200|053 097 -
! .
S 3 :
2o| MMV 346|148 062 178 | 068 084 -
5, Wi :
£ 9| 12MeVHe™ /| 584 | 054 027 054 | 111 | 1.08  0.07
gjl \ 108

*1 same for 0.1-20 MeV ele‘ctron. *2 at average energy 215.7 keV and pH = 1. |

5*‘)73»&111%% (radical) ﬁ:‘%iﬁi%'(molecular)

BELETHSH R (aff) DKDZB~DHF S =+rho>ﬁ5z§ffﬁam§$«a>555=
« BLETHEHRTIX, BELETHREHED B AIZEERLT= (LETf}m)

BKIES (B ER) CEAMBORERIFEALLL, =3

D DERDECTENFIERLOTLY 2

:%@1@@%2%%@%:5%5%@%, WEENR (g(OH)>g(H,) = g(OH)<g(H,))

CROFEIE RID) TR0, TIUDSRE| | | i mcoml R EORD
FBIBAE, ZORE- WO R OEECSS B EORD

(OH + H2—> H20+ H)

XUNE D BN ZEHL: 1 pmol/J = 9.649 43F/100eV
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4. FLHESERORE (B, FAR)

(FURD-REBREN] 2 &L -#ER

| | RENCEETHILRE]

N

IFEHxE— SMFEEmEmRl_ L EREEHE
BEILEE [ (AR T—) o (REHEgAE )

1)

2)

3)

t= it EA
BRK BKESOZE, BARMH(ZHAEREM) XFOZE,
TFRISEH G, BRER) DE, EITELETHREHR (By).
HICRZ)— (FHERRK)  xBRIEX ) —% (pH14, BEILED),
HEZR(RURFAb, h—FHREEE), ELETHRETER (B).
RET I EERFTIRDOZE (apy, BEFEIL), EEBHE-5
LETH SR DSMER~N DI EHRE (LET) 21 R.
\I/ BRHT SR ERNGERR OB |
>IN BERITETOIETTEELGVR:
T -ZE2ZHELERES A EADR .
>S& EREFNCERZ - FANLVEE




BEE—EFHEERBHOILICIR SR

BRIKDBRDZ_REEZEYFZLREICRIARET S

—EHOIER - RILEBZERTICR X 2GR RITROER —

_ H,  OXBCEACES [1-14  HSROMICLBKF (H) £ LK TORE (1)
S b BRI(RE)INEG(H,) FEBOFOOEREME TR H, RAKRISEELTOE TS, =
\ @k BEFICERMREICE S TUEN BEACARHRICHHINET,
Ot \ CCrams  BEBROTER UL H,QBREICEBHTIEG. RUCERL
21 : 12Z VNS Z5NETON, BRDEMEZOMIRETOY
Gy JLTLENETA o
(”;?’ '// \\_/
)
Flosmmeamsvn
@[\ WEBBIERIS (@BKEHORE (o) BT (F) ORE
1 ‘\ O.4"'l"'l"'_/_l" LR LN L N
] \ L K
1 N =
\ °s: -OH Br 7K
*""‘7'"_ 0.3 ’ S =
“a L OBEERARICL % %9 S s
© TIMYUREG(H,) | / iy
2 | . @ D
7K18 % 0.2+ //NaCI cl { fi =
£ | [/ ki R
_ﬂﬁﬂl‘:":G(Hg) = g(Hg) = L // //
[umToq I ./ K 7k/,]\/ 7K
#£1-1 IFREILEBTEEL H, RENOFERT 01 /5 Toowt% TR @
YEBET VBETICLATLRR AHE) WA ek =
fEkias AW RAEM A 4> X 1L B ey f4-F 54 6wt %
(X. NEE AL )| EED -OH 5T L DEE (HiR) O B %Eg
R N ElfdDRE EBIEEDERY (-OH =L EAI1h
BRI Ea0) LOfEa (HE{EH) PRARE (T3)V%-) (KGy) ~
1-15 H, RECRET (@ BREFOBEE b) BE#eE (RN
BR (RAKBE). BE | kb RisH bk 3 H, DFEA DFEE FEHES—E (1 cm)&H)
NOEE (KPTOMRTE) B BK(a) TIRIBIEMA A (CIT). 214> (Br) DIBICRELT.
AEARED SKICHNTH, REB P AE LAY ET, BALEELS A b (b) TH
- IINE—RORL B GILZ  KDOABBFHOKMFROMAD. MFEORBMODIEICHEL T,
- IN—) THER U7 H, &£-OH EDRIG BAKBEOKA T TREBATELEVWH, REDBEFP BRI N ET,

BOREIESSE R IRE (1F) FE%» 5.
FA7= BTGRP — RBEFEY 72 & DIRE R % ol
12, WHIKIZE N B HROE % TR BRI T & L
Ty s, KE (Hy) RBE FEMoEe, 7
2 RBDFE L\ o 7O A D T, 22T
R A, BT R A — 7 — 1Rk b
WEOTERE UTEMEL TE E L7, 72, hEBo—
Ry FIZHEED < 1F BRIEHEE O H T U 72 R
7 E ORI LT ZOHE. 26 OJEIKIZEIHA
OEEICHEIZB A T L TEE L,

Z DT, H, FEITAEEE L & ORI RDIF A
L S TR EREUOWT, FEEE - AV & S
IEHEE (BESHEESED) W TR B fEIHT R B
EEZONTOET, ZOREBEOHRT, FHIKRDHE
ORI LRI 5 ¥ LR DB EIE 1 &
DGR K > TRZ 5720, BaELl Lo sihzs HE
LY, FFNZET TR BB THES 54
TOW CHEGIIC H, # RAE S D T ENTE 57280,
5 BRIMEE DO BRI C - 2 ) T g,

TREHRRIZ & B KD IMET Hy AR L T 5 KA IS
e ToBR (X1-14) 1% K—EENKIG%
EDIEND H, AL E - T, A mlfe 2Rtz
%728, Hy J8EI13 % < D&M HT 0N 8%
ZTET, D70, FEREIIZE TR 2 WFEROR R
FAE B L 204 LTC, 1IF Clte 55 H, R
HEADHBELRPANICRNELTEE L (R 1-1),

FEEAERONEM %X 1-15 1R L £, S
A X NI & IR IR TR 2w U 325, i
KTO H, FAIIMAKED EREL D ET (X 1-15(a) ) -
IS X 2O OR A A (C17) L B{L
WALy Bro) HAHOH,EEEMATLES 7280
T, 203K LY F T4 bk 53445 Hy 13,
RE A DB K (FEHE% 250 H, ZFTIEHHT
FHA (K1-150b)), ZHIIKOGREFE A T
A OERER & OMBEAERD 70T, ZORELE5E
5 Z L I3PERONER R RO IO &2 D 9,

AWFZE T, RO R Z KITEBRIkE (H,0,)
RFDHRTH U BFE (0,) 1IZDWTERRTOET,

OSE Ik

A, YT T2 VT Y MENIRD 728 DIKDFRGHE 3 fEIFFE D JER, Radioisotopes, vol.66, no.11, 2017, p.601-610.
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BEE—EFHEERBHOILICIR SR

BFRIKWEBEROEY Y LIREMZREICRET S

— INRIRSEER D S IREIEA D KRR EE Z FHl 3 5 BT —

OxE - i T — 2 DIIE

- & - R T — % IREM, SUS, K
s MIRE T — 5 iR, BiR

- MEHR P BT — 5 BTFE, AR

AyRZ~—Z: TR

QR TAERDEMFRE
- AT B S BRIRS, MR, 57
c REBKAEY RKES(F), BE

18] 1 A\ SN Skch

A\ 4
(@Fcrmem - @Fmic1 onzeichHa ]

v
2 | OBUIRIEE O BEHROER &R
§ R TABOMARDRINE & FE xR

K12 REABHEEFE—EFHEER (IF) EXER -
YA IVBEFHFEER 2 5# (TMI-2) TOERKLE

1F TMI-2

s , T LREEE KERBIRS XTI
ARKLIEEE BTt LMBEREE (§ubmerge;gemineralizer System)

QL3R BRBA RFH EWMHr 5K 3 rAE EHLOK 2 FE

BRKAND P

B DIRA il
71 MNREM 11858 ®(Cs A) 21EEEE(CsHE SrA)
Q038 8 (FriREL) mAK504 W, 15 300 W i~ 1

FRENEEE —FH I8 (F) $Fiobge
ARAPETIE, £ o 2WEREE (KURION) KU
YL ANEWE (SARRY) TG ADWEED
FRE 238K 5720, ZhE TIEBNTREZ %
TR 1L F — OWINRC Z AUt < SRR OBy
fRIZ K AAKRFE DRI %, /3 T A ZDH¥ T %
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